Abstract. In previous work, we have developed a "Glance-Look" model, which has replicated a broad profile of data on the semantic Attentional Blink (AB) task and characterized how attention deployment is modulated by emotion. The model relies on a distinction between two levels of meaning: implicational and propositional, which are supported by two corresponding mental subsystems. The somatic contribution of emotional effects is modeled by an additional body-state subsystem. The interaction among these three subsystems enables attention to oscillate between them. Using this model, we have predicted the pattern of conscious perception during the AB and the changes of awareness when emotional or other task irrelevant processing occurs. We provide a specific account of the interaction between attention, emotion and consciousness. In particular, the dynamics of two modes of attending to meaning (implicational being more distributed and propositional being evaluative and specific) give rise to fringe awareness.
Introduction
The relationship between consciousness and attention is one of the most controversial issues in psychology, philosophy and cognitive neuroscience. One key debate is centered on whether or not attention and consciousness can be untangled into separate processes. A paradigm called the Attentional Blink (AB) [1] has demonstrated a situation where the same sensory input can lead to both conscious and non-conscious perception. The task involves targets being presented using Rapid Serial Visual Presentation (RSVP) at around ten items a second. The identification of a second target is impaired when it is closely preceded in time (< 500ms) by a first target. In addition, findings suggest that attention and consciousness are not only separable, but may also oppose each other. For instance, it has been discovered that task manipulations and emotional states can attenuate blink effects (i.e. enhance the awareness of the second target) by, it is argued, encouraging a more distributed state of attention, e.g. by using music, positive affect or dynamic visual patterns to counteract an overinvestment of attention [2, 3, 4] . Thus, in this context, reducing attentional focus seems to improve awareness. Hence, the AB paradigm provides a solid platform for investigation of the relationship between attention, emotion and conscious perception. This paper shows how our previously developed "GlanceLook" model [5, 6, 7] can also provide a general information processing account for the interactions between attention, emotion, consciousness, and fringe awareness, as well as, more specifically, explaining overinvestment findings in the AB.
2 The "Glance-Look" Model
Key-Distractor Attentional Blink Task
The "Glance-Look" model, as shown in Figure 1 , was first proposed to explain a variant of the AB paradigm, in which words were presented at fixation in RSVP format and targets were only distinguishable from background items in terms of their meaning. Participants were simply asked to report a word if it refers to a job or profession, such as "waitress", and these targets were embedded in a list of background words that all belonged to the same category, e.g. nature words.
Participants could report what they believed was the target word's identity (Correct ID), say "Yes" if they were confident a job word had been there, but could not say exactly what it was (to capture a degree of awareness of meaning), or say "No" if they did not see a target, and there were, of course, trials on which no target was presented. However, streams also contained a key-distractor item, which, although not in the target category, was semantically related to that category, such as "tourist" or "husband" [8] , or emotionally charged, such as "cancer" [9] . The serial-position that the target appeared after the key-distractor was varied. The effect of attentional capture is encapsulated in the serial position curve in Figure 2 (A). We call this the key-distractor AB task.
Basic Structure of the "Glance-Look" Model
The key principles that underlie the "Glance-Look" model are as follows. 1) Items are composed of several constituent representations (CRs) passed through a pipeline from the visual system to the response system. On every cycle, a new CR enters the pipeline and all CRs currently in transit are pushed along one place. In this sense, it could be viewed as an analogue of a sequence of layers in a neural network, e.g. a synfire chain [10] .
2) The processing of meaning is divided into two stages, which are supported by the implicational (Implic) and propositional (Prop) subsystems. Each subsystem assesses a different type of meaning using Latent Semantic Analysis [11] , a statistical learning technique, related to Principle Component Analysis and Hebbian learning. 3) A body-state subsystem monitors the outputs of Implic and feeds back emotional information in the form of "somatic markers" [12] . 4) Only one subsystem can be attended at a time, and it is only when attention is engaged at a subsystem that it can assess the salience of items passing through it. All unattended subsystems in the model process stimuli in parallel, in a kind of "zombie" mode, similar to that suggested by Crick and Koch [13] . We argue that it is attention and the interaction between these subsystems that brings information into consciousness. 
How the Model Blinks
In the context of the AB, attention is captured when a key-distractor is interpreted as implicationally salient, as it is task or personally relevant. This then causes attention to be redeployed to Prop, in order to enable a more detailed assessment of the salience of the key-distractor. This redeployment of attention leaves a temporal window in which implicational salience is not fully assessed. In particular, the meaning of a target word can be processed to three different degrees, which, we argue, reflect different degrees of awareness and thus lead to three types of response, one of which provides a computationally explicit characterization of fringe awareness. Words that are fully (i.e. both implicationally and propositionally) interpreted can be (fully) consciously accessed and reported correctly with their identity. Some targets can be only partially processed, i.e. insufficient CRs have been assessed (by Prop), resulting in fringe awareness, reflecting the "Yes" response. This only happens during the transition between complete conscious and unconscious states. As shown in Figure 2 , the results of the model simulation were comparable to human performance, with fringe awareness particularly evident at lag 2. Finally, some targets can be implicationally totally un-interpreted reflecting complete unawareness of the presence of target words, i.e. the "No" responses. This state is most likely to occur around the deepest points in the blink.
The "Glance-Look" Account of the Attenuation Effect
As previously discussed, there is evident that distracting participants can reduce blink depth. Consequently, overinvestment theories of the AB have become prominent. The degree of, distraction-induced, attenuation reported in [2, 3, 4] should, though, reflect two factors: the degree to which the ancillary task has direct consequences for the representation of generic (implicational) meaning and the extent to which the reporting of an item requires extended evaluation of propositional meanings in our second stage. To elaborate further, in a typical laboratory setting, participants are encouraged to recall as accurately as possible. As previously argued by several authors [2, 3, 4] , this could well result in rather more investment of attention than is strictly necessary to accomplish item report. This hypothesis is consistent with our model, in the sense that, overinvestment may reflect extended processing in our second "propositional" stage, where attention may take a long time to switch back to a state in which implicational representations are attended. The implicational mode of attending to meaning has a broader focus on generic meaning, which may incorporate affect, and derivatives of multimodal or lower order inputs, such as music. When subjects are exposed to dynamic patterns, being visual, musical or internally generated, while performing the central AB task, there would be more changes in input to implicational meaning. With our model of distributed control, these may well encourage the implicational mode of attending to meaning, and support more distributed awareness of this type of generic meaning. Crucially, the paradigm often involves reporting letters in a background stream of digits [2, 3, 4] . Letters are drawn from a small and highly familiar set, and hence, in the limit, this may require only the briefest "look" at a propositional representation to support correct report.
Attenuation should be less pronounced either with secondary tasks whose content does not directly influence the level of generic (implicational) meaning or, as with semantic blink effects, where a fuller evaluation of propositional meanings is required. Should such effects be found, it would provide an encouraging convergence between basic laboratory tasks and the literature on attention to meaning and affect in emotional disorders, using a non-computationally specified version of our current proposal [14] .
Modeling Conscious Perception during the AB
The "Glance-Look" model takes specific account of the interaction between attention, emotion and consciousness. Firstly, we have shown that lack of awareness can be accounted for by the allocation of attention to different levels of meaning in a system where there is only distributed control of processing activity. Just as the focus of our attention may shift among entities in our visual and auditory scenery under the guidance of salient change, shifts in attention to different entities in our semantic scenery can lead to RSVP targets being either, 1) correctly identified; 2) giving rise to a fringe awareness of presence; or 3) overlooked. Salience states at each of two levels of meaning allow these three response patterns to be captured. Although the proposal, like that of Chun and Potter [15] , relies on two stages, both of our stages are semantic in nature and the temporal dynamic involves controlled changes in the focus of attention, rather than classic capacity or resource limitations. The idea of monitoring a generic form of meaning for implicational salience, the level at which affect is represented in the model, and switching only when required to evaluate propositional meaning, represent two "modes" of attending to meaning. The former mode has a broader focus on generic meaning (i.e. the "gist") and the latter a more evaluative focus on specific meanings, which can be verbally reported. This is similar to the distinction in the literature between "phenomenal" and "access" awareness [16] . Furthermore, the broader mode of processing meaning bears some resemblance to recent suggestions that task manipulations can attenuate blink effects, by encouraging a more distributed state of awareness, which would arise at our implicational level. In particular, music, positive affect or dynamic visual patterns may counteract the overinvestment of attention [2, 3, 4] and produce a fleeting conscious percept [13] .
Conclusions
In summary, consciousness is modeled as an emergent property from the interaction among three subsystems: implicational, propositional and body-state. In particular, we differentiate two types of consciousness. One is akin to full "access" awareness, i.e. conscious content can be verbally reported, and is supported by both implicational and propositional processing. In other words, it is a result of a detailed "look" and more extensive mental processing. The other is akin to "phenomenal" (or fringe) awareness, and lacks the capacity of linguistic access. We argue that the latter is a result of attending to the implicational level or "glance". It is also notable that the implicational level is holistic, abstract and schematic, and is where multimodal inputs are integrated, and affect is represented and experienced [17] .
In addition, the "Glance-Look" model makes several predictions on the relationship between these two modes of consciousness. First, fringe awareness provides a basis for a more complete state of consciousness. Second, comparing to full access awareness, phenomenal or fringe awareness is directly affected by emotional, multimodal, bodystate and lower order inputs. However, once propositional level information has been attended, a conscious percept is much less likely to be interrupted. The validation of these predictions awaits further experimental work.
